Attentional biases have been proposed to contribute to symptom maintenance in Posttraumatic Stress Disorder (PTSD), although the neural correlates of these processes have not been well defined; this was the goal of the present study. We administered an attention bias task, the dot probe, to a sample of 37 (19 control, 18 PTSD+) traumatized African-American adults during fMRI. Compared to controls, PTSD+ participants demonstrated increased activation in the dorsolateral prefrontal cortex (dlPFC) in response to threat cue trials. In addition, attentional avoidance of threat corresponded with increased ventrolateral prefrontal cortex (vlPFC) and dorsal anterior cingulate cortex (dACC) activation in the PTSD group, a pattern that was not observed in controls. These data provide evidence to suggest that relative increases in dlPFC, dACC and vlPFC activation represent neural markers of attentional bias for threat in individuals with PTSD, reflecting selective disruptions in attentional control and emotion processing networks in this disorder.
Introduction
Emotion processing theories (Foa & Kozak, 1986) suggest that Posttraumatic Stress Disorder (PTSD), a condition that develops in a minority of psychologically traumatized individuals, is characterized by biases in information processing, including attention (Weber, 2008) . Attention biases to emotional or trauma-related information may serve to maintain PTSD symptoms, leading to neglect of important environmental information and disrupting downstream cognitive processes.
The dot probe task (Mogg & Bradley, 1999) is an attention bias paradigm that offers advantages over frequently-used bias tasks such as the Stroop, allowing examination of direction of bias (toward or away from the cue). The few existing dot probe studies have yielded mixed findings (Bryant & Harvey, 1997; Dalgleish et al., 2003; Elsesser, Sartory, & Tackenberg, 2004; Pine et al., 2005; Fani et al., 2010) , indicating biases toward threat (Bryant & Harvey, 1997; Fani, Tone, Phifer et al., 2011) , away from threat (Pine et al., 2005) , toward happy facial expressions (Fani, et al., 2010) , and inconsistent or nonsignificant patterns of bias (Dalgleish, et al., 2003; Elsesser, et al., 2004 Elsesser, et al., , 2005 in different populations with PTSD. One possible explanation for the discrepancies among these findings is variability in the emotional salience of stimuli. Stimuli are likely to differ in the responses they elicit from viewers; for traumatized individuals, stimuli that are too general or too loosely related to their own traumas may be less effective than more trauma-relevant (and presumably, more arousing) stimuli in evoking attentional biases. These findings indicate that precise, adaptable attention bias measures carefully tailored to the population under study are needed to properly detect any existing biases.
Behavioral methods, however, represent only one way to measure attention bias. More objective methods, including recordings of neural responses during functional neuroimaging, provide an additional way to characterize attention bias in individuals with PTSD, and can be used to detect abnormalities in attention to emotional cues that may not be detected behaviorally. Functional neuroimaging studies employing selective attention paradigms have shed light on specific neural networks that are likely to be engaged during attention bias task performance; these studies have underscored the roles of limbic systems, and dorsal and ventral components of frontal systems, as individuals focus attention to targets and attempt to ignore distracting information. Among the regions highlighted most frequently are the anterior cingulate cortex (ACC), dorsolateral prefrontal cortex (dlPFC), inferior frontal gyrus, and amygdala (for reviews, see Banich et al., 2009 and Bishop, 2008) . Attentional tasks that require conflict monitoring and implementation of cognitive control tend to engage dlPFC and ACC regions, and activation in these regions appears to correspond with increases in task demands (Mitchell, 2010) . Specifically, increased activation has been observed in dorsal aspects of the ACC (dACC) during attention to neutral task targets Whalen et al., 1998) , whereas emotionally-valenced distractors tend to engage ventral brain systems, including the ventral ACC (vACC; Mohanty et al., 2007) , inferior frontal gyrus, including ventrolateral aspects of the PFC (vlPFC; Monk et al., 2006; Yamasaki, LaBar, & McCarthy, 2002) , and amygdala (Yamasaki, et al., 2002) . The amygdala is critically involved with rapid detection of emotionally-salient material, particularly, cues that signal threat (Ledoux & Muller, 1997) ; this region has connections to both dorsal and ventral prefrontal regions, which serve to modulate its response (for a review, see Ochsner & Gross, 2005) . There is evidence to suggest that the amygdala demonstrates a heightened response to threat-relevant cues, even when these cues are not the focus of attention (Dolan & Vuilleumier, 2003) . To summarize, the ACC, amygdala, dlPFC and vlPFC are key constituents within dorsal and ventral attention networks; these regions are differentially engaged during performance on tasks that require cognitive control in the face of distracting information.
Anxious psychopathology has been associated with disrupted function in these attentional systems. Dot probe studies of anxious individuals have indicated that threat biases correspond with activation in these dorsal and ventral networks, although findings have been somewhat inconsistent. Some authors have found anxiety to correspond with increased activation in the dlPFC to contrast conditions representing threat bias , whereas others have found increased activation in the vlPFC (Britton et al., 2011; Monk, et al., 2006) and amygdala (Monk et al., 2008) ; in two of these studies, anxiety corresponded with an attention bias away from threat (Britton, et al., 2011; Monk, et al., 2006) .
The few selective attention studies of PTSD populations have indicated the involvement of the ACC, dlPFC, and amygdala during task engagement, with considerable variability in magnitude and direction of findings, which could reflect the different types of distractor stimuli (emotional vs. neutral) included in these tasks (Bremner et al., 2004; Bryant et al., 2005; Felmingham et al., 2009; Pannu Hayes et al., 2009; Shin et al., 2001) . Taken together, these studies confirm the involvement of ACC, dlPFC, vlPFC and amygdala during selective attention processes in PTSD populations; however, none of these studies were equipped to examine the attentional strategies that were deployed during task performance.
Therefore, this study was designed to examine attention biases in PTSD, manifest through behavioral response and neural response; we employed a dot probe task (Mogg & Bradley, 1999) that has been adapted for use with our highly-traumatized African-American population while examining concurrent neural responses using fMRI. We used photographs of angry, neutral, and happy emotional facial expressions as dot probe stimuli, given that: facial expressions are biologically salient signals in human communication (Ekman & Oster, 1979) ; angry facial expressions are relevant threat signals for this group of traumatized individuals, considering the high rates of interpersonal trauma experienced by participants in this population (Gillespie et al., 2009; Schwartz et al., 2005) . We included photographs of African-American, as well as Caucasian, models to increase stimulus relevance for our study population.
Associations among patterns of attention bias, neural response, and PTSD were examined in this sample of trauma-exposed adults. Given the current data on neural correlates of selective attention processes in both healthy and anxious populations, we chose the ACC, dlPFC, vlPFC and amygdala as regions of interest (ROIs). We hypothesized that: 1) current PTSD would be associated with a significant attentional bias toward threat, measured through behavioral response; 2) in response to contrast conditions corresponding with attention bias to threat, individuals with PTSD would exhibit increased activation in the vlPFC and amygdala, and decreased activation in the dlPFC and dACC, compared to traumatized controls 3) an attention bias for threat (either toward or away from the cue) would correspond with greater activation in the vlPFC and amygdala in individuals with PTSD, versus controls 2. Method
Participants
Study procedures were approved by the institutional review boards of Emory and Georgia State Universities. A total of 48 adult females aged 20-62 years were recruited through an ongoing study of risk factors for PTSD; they were approached in general medical clinics of a publicly funded hospital that serves economically-disadvantaged individuals in inner-city Atlanta. Patients attending these clinics have been found to exhibit high rates of interpersonal trauma and post-traumatic symptoms that vary considerably in severity, as evidenced by previous studies sampling this population Schwartz, et al., 2005) . Given that all face pairs in the attention bias task were of female faces, only female participants were recruited to provide an implicit control for potential gender effects on attentional biases.
Patients were deemed eligible for participation if they were able and willing to give informed consent and understand English, as determined by a study researcher. Participants were initially screened to assess for the presence of these exclusion criteria: current psychotropic medication use, current alcohol or substance abuse or dependence, medical or physical conditions that preclude MRI scanning (e.g., metal implants), a history of schizophrenia or other psychotic disorder, medical conditions that contribute significantly to psychiatric symptoms (such as dementia), history of head injury or loss of consciousness for longer than 5 minutes, or a history of neurological illness. They were given clinical assessments during a separate appointment. Table 1 details sample demographics and clinical characteristics.
Trauma and Symptom Assessment
At initial assessment, participants were administered the Traumatic Events Inventory (TEI) to detail frequency and type of trauma(s) experienced; consistent with prior research Gillespie, et al., 2009) , total level of trauma exposure was measured by a sum score reflecting the total number of different types of trauma (e.g., car accident, sexual assault, natural disaster) to which a participant had been exposed over the course of their life (TEI total score). The Beck Depression Inventory (BDI-II; Beck, Steer, & Brown, 1996) was administered to measure current depressive symptoms. The PTSD Symptom Scale (PSS; Falsetti et al., 1993) was administered to assess for the presence of PTSD based on DSM-IV criteria, similar to earlier studies (Fani et al., 2011; Jovanovic et al., 2010) ; based on these criteria, participants were classified as either trauma controls (TC) or PTSD+. Table 1 details the clinical attributes of this sample.
Task Description and Behavioral Data Analyses
A dot probe task (Mogg & Bradley, 1999) was presented during neuroimaging using Eprime software, version 1.1. Each trial began with the presentation of a central fixation cross for 500 ms, immediately followed by a pair of face photographs (both of the same model) that were presented simultaneously for 500 ms (see Figure 1 ). In each face pair, one face displays an emotional expression (either threatening or happy) and the other a neutral expression. After the offset of the face pair, an asterisk is presented in place of one of the faces for 1100ms. Participants indicate as quickly as possible with a forced-choice button press response whether the asterisk appeared on the left-or right-hand side of the screen. The probe appears on left or right side of the screen an equal number of times. To facilitate investigation of between-group differences in neural response to threatening, happy, and neutral faces (posed by either an African-American or Caucasian model, all female), forty blank trials were also presented as implicit baseline trials. All face pairs represented the same model. This task consisted of 200 randomly-ordered trials (64 positive-neutral face pairs, 64 threat-neutral face pairs, 32 neutral-neutral face pairs, and 40 blank trials). The faces used in this task were selected from three separate sets of stimuli; African-American faces were selected from the Center for Productive Aging (Minear & Park, 2004) and NimStim (Tottenham et al., 2009 ) databases and White faces were selected from a commonly-used version of the dot probe (Bradley, Mogg, & Lee, 1997) . A total of 50% African-American and 50% Caucasian face pairs were used in this version of the dot probe.
Emotion bias scores were calculated by subtracting response time to emotion-congruent stimuli (probes that replace neutral pictures) from response time to emotion-incongruent stimuli (probes that replace happy or angry/threatening pictures); these scores were further decomposed into threat and happy bias scores, both for all stimuli of each emotion type combined and separately for African-American (AA) and Caucasian (C) face pairs. Two multivariate analyses of variance (MANOVA) were conducted to examine potential differences in response to threatening, happy, and neutral cues between PTSD and TC groups. The first model examined between-group differences in mean response time to threat, happy, and neutral probes, and the second model examined between-group differences in threat bias score (overall, and separated by face race). Multivariate correlations were computed to examine correlations between attention bias scores (threat or happy bias) and BDI, TEI total and PSS total and subscale scores (re-experiencing, avoidance/numbing, and hyperarousal). A threshold of p <.05 was used to determine statistical significance for all behavioral data analyses.
MRI procedures
Scanning took place in a Siemens 3-Tesla scanner at Emory University Hospital. Participants viewed task stimuli via an adjustable mirror affixed to the 12 channel radiofrequency coil, which reflected a computer screen located at the end of the MRI aperture.
Following a shimming procedure and short calibration scan, a high-resolution T1-weighted structural scan was acquired using a MPRAGE sequence (176 slices, field of view=256 mm cubic voxels; 1×1×1 mm slice; TR= 2600ms; TE= 3.02 ms; TI= 900ms; flip angle= 8 degrees). During task administration, a total of 26 contiguous echo-planar, T2-weighted images parallel to the anterior-posterior commissure line were acquired (TR=2530 msec; TE=30 msec; field of view=240 mm; 64×64 matrix; 3.75×3.75×4.0 mm voxel). Statistical Parametric Mapping, version 5 (SPM5, Wellcome Department of Neurology, London, UK: http://www.fil.ion.ucl.ac.uk/spm/) was used for file conversion, image pre-processing and statistical analyses. Functional images were slice-time corrected with a high-pass filter applied, realigned to the first image in the session to correct for motion. The mean of the realigned undistorted images was then co-registered with the structural T1 volume, spatially normalized to standardized Montreal Neurological Institute (MNI) space based on the position of the anterior and posterior commissure and, finally, smoothed with an 8mm FWHM Gaussian kernel.
Due to excessive motion (7), and/or brain parenchyma abnormalities (4), 11 participants were excluded, leaving a total of 37 participants for fMRI analyses (19 TCs, 18 PTSD+) to be included in analyses. One other participant was excluded from behavioral analyses due to a high number of missed trials on the dot probe (over 20%), leaving a total of 36 participants (19 TCs, 17 PTSD+) to be included in behavioral data analyses. To examine blood-oxygenlevel dependent (BOLD) signal change to task stimuli, a first-level, fixed-effects analysis was conducted by creating vectors for onset time of each condition, including threat/neutral, happy/neutral, and neutral/neutral trials. The primary t-contrast for examining BOLD signal change corresponding to threat bias was threat/neutral versus happy/neutral and neutral/ neutral face pair trials (combined); each event within this contrast included face pair presentation and probe. In order to create models for these comparisons, box-car functions using 1, −1 contrast conventions were used to indicate voxels that had a higher activation level for the contrast condition. Random-effects, between-groups analyses were conducted to compare brain-wide responses of PTSD+ and TC groups to threat/neutral versus happy/ neutral and neutral/neutral face pair conditions (combined) using t-tests. Random-effects, voxel-wide regression analyses for each diagnostic group were also conducted, in which threat bias score served as a predictor of hemodynamic response for threat/neutral versus happy/neutral and neutral/neutral face pair conditions (combined). An additional regression analysis was conducted to examine the relationship between trauma exposure (TEI total score) and hemodynamic response to threat. A non-linear transformation (http:// www.bioimagesuite.org/Mni2Tal/index.html) was used to convert coordinates from MNI to Talairach (Rajeevan & Papademetris) , and a Talairach daemon (Lancaster et al., 2000) was used to localize anatomical coordinates of voxels associated with statistically significant patterns of BOLD activation. Two different statistical thresholds were used to evaluate fMRI findings. First, a statistical threshold of p< .005 (uncorrected) and an extent threshold of ≥ 5 voxels per cluster were used to determine significant activations in whole-brain t-tests. Next, small volume correction was applied to significant clusters of activation within a priori specified regions of interest (defined using standard anatomical criteria from the Talairach and Tournoux stereotaxic atlas; Talairach & Tournoux, 1988) , and Family-wise Error (FWE) correction was applied in order to control for multiple comparisons within those regions; a p<.05 SVC_FWE threshold, extent threshold of ≥ 5 voxels per cluster was used to determine statistical significance.
Results

Demographic Data
No significant differences in frequency of trauma exposure were found between PTSD and TC groups, as measured by TEI total score (p>.05). As expected, PTSD and TC groups demonstrated statistically significant differences in PSS total and subscale scores, as well as depressive symptoms, measured by BDI total score (p<.05; see Table 1 ). Multivariate correlations revealed that PTSD symptoms, as measured by PSS total and subscale scores, were not significantly correlated with age, depressive symptoms, or trauma incidence (p>. 05).
Behavioral Results
There were no significant differences between PTSD and TC groups for mean response time or variable response time to probes. Distribution of threat bias scores met assumptions of normality, according to the Shapiro-Wilk statistic (p>.05). MANOVA results indicated no significant main effects of diagnosis on mean response time for threatening, happy, or neutral faces or mean threat bias score (p>.05). Compared to TCs, participants with PTSD were slightly faster when responding to probes preceded by threat cues (in either position on the screen), but this difference was not statistically significant (p>.05). Participants with PTSD demonstrated a non-significant bias away from threat represented in Caucasian faces (Mean bias score= −19.5, SD=52.5), compared to TCs (Mean bias score= −8.9, SD=54.9). Similarly, no significant correlations were observed between threat bias (overall, or for AA or C faces) and PSS, BDI, and TEI total score (p>.05). Table 2 details mean response times and threat bias scores for each diagnostic group.
fMRI Results
In a between-group comparison, participants with PTSD demonstrated increased neural activation to threat versus happy and neutral face pair trials in an a priori specified ROI, the dorsolateral prefrontal cortex (BA 46; p<.05 SVC_FWE; see Table 3, Figure 2a ); significant positive correlations were observed among dlPFC activation and PTSD symptoms, including PSS total (r=.39, p<.05; see Figure 2b ), avoidance (r=.4, p<.05) and re-experiencing (r=.41, p<.05) symptoms. Compared to controls, PTSD+ individuals also demonstrated increased activation in the medial frontal gyrus, middle temporal gyrus and thalamus. Compared to PTSD+ individuals, trauma controls demonstrated no significant differences in activation within any ROIs, but demonstrated increased activation in the middle occipital, lingual and posterior cingulate gyri, as indicated in Table 3 .
Within-group analyses indicated that, in the PTSD group, no positive correlations were observed between threat bias score and BOLD response to threat in any ROIs, although a small cluster of activation was observed in the lingual gyrus. However, threat bias score negatively correlated with activation in the vlPFC (BA 47; p<.05 SVC_FWE; see Figure 3a ); threat bias score also negatively correlated with activation in a dorsal region of the ACC (BA 32; (p<.05 SVC_FWE ; see Figure 3b ), in addition to other non-hypothesized regions, such as the medial frontal gyrus, insula, precuneus, caudate, precentral gyrus, parahippocampal gyrus, and parietal lobe. Within the vlPFC cluster, overall threat bias score (r= −.38, p=.13) and threat bias score for African-American faces (r= −.45, p=.07) negatively corresponded with BOLD signal change; however, these correlations did not reach statistical significance. In the TC group, no positive correlations were observed between threat bias score and BOLD response to threat in any ROIs, although significant clusters of activation were observed in the parahippocampal gyrus, and middle and superior temporal gyri. There were no statistically significant negative correlations between threat bias score and BOLD response to threat within the TC group.
Trauma exposure (TEI total score) was not significantly correlated with activation to threat cues in any ROI. Trauma exposure was primarily positively correlated with BOLD signal in the visual cortex, and negatively correlated with activation in the inferior temporal gyrus (see Table 3 ).
Discussion
The present study examined associations between behavioral and neural correlates of attention bias for threat in a sample of traumatized individuals with and without PTSD. We observed that TC and PTSD groups demonstrated differential responses to threatening facial expressions in the context of this selective attention task. Relative to traumatized controls, individuals with PTSD showed increased activation in the dlPFC to threatening versus happy and neutral face pair trials. Among individuals with PTSD, threat bias score was negatively correlated with activation in the vlPFC and ACC to this contrast condition, whereas no significant correlations were observed between bias score and activation in any ROIs within the TC group.
No statistically significant between-group differences emerged in behavioral measures of attention bias; however, individuals with PTSD demonstrated a tendency to direct attention away from threatening Caucasian faces, relative to TCs.
Our hypothesis that PTSD and TC groups would demonstrate differential response in the dlPFC to threat cues in the context of this task was confirmed; however, the direction of dlPFC response contrasted with our predictions. The finding of increased dlPFC activation to threat cue trials in individuals with PTSD, relative to traumatized controls, is consistent with an earlier dot probe study of anxious individuals , and two studies of PTSD populations that used oddball paradigms (Bryant et al., 2005; Felmingham et al., 2009 ); in the latter two studies, the authors found that, during attention to target tones, PTSD groups similarly demonstrated increased activity in dorsal frontal regions, including the dACC and dlPFC, compared to controls.
One potential explanation for our finding of increased dlPFC response in PTSD+ participants relates to task demands. During this task, participants are instructed to attend to the location of neutral probes; as in the oddball task, participants are confronted with distractor images that have the potential to interfere with their attention to probes. It is plausible that angry emotional expressions presented in the context of this cognitive paradigm were distressing to this group of highly traumatized participants with PTSD. The act of responding quickly to neutral target images while being confronted with brieflypresented distracting images (particularly, images with emotional value or trauma-related salience) is likely to engage attentional control networks. Thus, the increased dlPFC activation we observed could reflect a higher expenditure of cognitive control resources to emotionally-evocative cues in individuals with clinically-significant PTSD, relative to traumatized individuals with little to no PTSD symptomatology.
Another explanation for these findings may be derived from recent conceptualizations of PTSD pathophysiology, which have highlighted the relevance of dorsal frontal networks in threat cue appraisal (reviewed in Etkin, Egner, & Kalisch, 2011) . This framework indicates that specific components of the dorsal frontal network participate in emotional, as well as cognitive processing, and that these regions are directly related to the appraisal of fearrelated cues (Etkin, et al., 2011) . Further, some recent studies suggest that dorsal prefrontal regions may be positively coupled with limbic circuitry, and that these regions show similar enhancements in response during attention to threat-related cues; this was evident in one such study, which indicated that anxiety was associated with greater coupling of the dorsomedial prefrontal cortex and amygdala during biased attention for fearful facial expressions (Robinson et al., 2011) . In the context of these findings, our observation of increased response to threat in the dlPFC, as well as a dorsomedial prefrontal region (BA 10), may reflect amplified threat evaluation circuits in this group of traumatized participants with post-traumatic psychopathology.
These conceptualizations have also outlined the salience of ventral prefrontal regions in the management of conflicting, or distracting, emotional information; recent reviews highlight the increasing number of studies that revealed altered function within these networks in PTSD populations (Etkin & Wager, 2007) . We observed that, among individuals with PTSD, threat bias score was significantly, and negatively, correlated with BOLD signal in the vlPFC, indicating that activation in this region was associated with a bias away from threat. In comparison, there were no statistically significant associations between threat bias score and vlPFC activation in controls. Other lines of evidence have similarly observed anxiety-specific alterations in vlPFC activation during the processing of emotional distractors in selective attention tasks. Three other dot probe studies observed an increased vlPFC response to threatening facial expressions: two revealed corresponding associations between anxiety and threat bias (Britton, et al., 2011; Monk, et al., 2006) , and the third found no significant anxiety-related differences in threat bias, measured behaviorally (Monk, et al., 2008) . Increased vlPFC activation to distracting emotional information has been observed in selective attention (Yamasaki, et al., 2002) and response inhibition (Chiu, Holmes, & Pizzagalli, 2008) studies of healthy individuals, as well as working memory (Morey et al., 2008; Thomaes et al., 2011) studies of PTSD populations. Ventrolateral prefrontal regions have extensive connections with limbic areas, including the amygdala (Petrides & Pandya, 2002) , and clearly participate in the processing of threatening or aversive cues; however, the functional role of the vlPFC in this network requires further clarification. Some lines of attention research suggest that the vlPFC participates in reflexive shifts of attention to biologically salient stimuli that are not the intended objects of attention (Corbetta & Shulman, 2002) . Notably, some recent studies of attention and executive functioning have observed increased vlPFC activation in response to aversive or threatening emotional information in the context of cognitive interference tasks (e.g., Stroop tasks: Hart et al., 2010) .
We also observed that, in individuals with PTSD, avoidant threat biases corresponded with increased activation in the dACC, which was an unexpected finding. Other studies have observed an increase in dorsal ACC response to distracting information in selective attention (Weissman et al., 2003) and interference paradigms (Egner et al., 2008 ). There appears to be increasing evidence to suggest that, during selective attention processes, this region is responsible for management of task-irrelevant material, irrespective of emotional valence. Given that increases in vlPFC and dACC activation corresponded with attentional avoidance in PTSD+, but not TC, individuals, these data reflect selective disruptions within networks that are responsible for managing task-irrelevant, distracting emotional information.
Behaviorally, no statistically significant differences in response time to threat cues were observed between diagnostic groups; however, individuals with PTSD demonstrated a tendency to avoid threat, represented in Caucasian faces. It is likely that power limitations precluded our ability to detect statistically significant associations among bias scores and PTSD symptoms; this relationship was evident in our earlier study, which included a considerably larger sample (Fani et al., 2011) . Given that a non-significant association was observed between threat biases and trauma exposure, the inclusion of a non-traumatized control group would be useful toward disentangling the effects of trauma and PTSD on attention biases in this population. However, the presence of atypical neural response patterns to threatening faces in the absence of positive behavioral findings has been documented previously in some studies of anxious individuals (McClure et al., 2007; Monk, et al., 2008) ; thus, it is possible that the atypical responses observed in the dlPFC, dACC and vlPFC regions to threat represent biological markers of imbalanced attentional networks in PTSD. These data may suggest that more objective measures, such as fMRI, may be more sensitive than behavioral measures in detecting responses to threat cues presented in the context of attention bias tasks, particularly in the present population. Further, these neural correlates could potentially represent an intermediate neurocognitive phenotype, one that may be associated with allelic variations in genes that have been linked to risk for affective disorders (Domschke & Dannlowski, 2010) ; future investigations of associations between candidate genes for PTSD risk and neural response patterns during attention bias task performance are warranted to confirm this possibility.
Although associations between threat bias and activation in the parahippocampal region were common to both groups, our findings also indicated increased activation to threat in other brain regions, including the thalamus and middle temporal gyrus, in association with a PTSD diagnosis. Increased activation in temporal regions has been previously observed in PTSD participants during presentation of trauma-related reminders (Hopper et al., 2007; Lanius et al., 2002; Osuch et al., 2001) , and the presence of these findings serves as a reminder that brain structures and regions frequently implicated in the disorder do not operate as isolated units, but in the context of functional systems. Middle temporal regions (particularly the hippocampus and parahippocampal gyrus) have been frequently implicated in dysfunctional encoding and memory retrieval in PTSD (Bremner, 2007) , and some studies of attention and response inhibition in healthy individuals have similarly indicated that medial temporal regions are involved in these processes (Egner & Hirsch, 2005) . These brain regions are worthwhile targets for investigation in future studies of attentional processes in PTSD.
There was no evidence for PTSD-related increases in amygdala function to threat cue trials in this study. A number of other studies have also failed to find any PTSD-specific alterations in amygdala activity to trauma-related cues (Bremner, Narayan, et al., 1999; Lanius, et al., 2002; Lanius et al., 2001; Sakamoto et al., 2005; Shin, et al., 2001) . One possibility relates to the contextual demands of this attention bias task; other studies have similarly observed attenuated amygdala activation corresponding with increases in dlPFC activity in the presence of increasing cognitive processing load (Mitchell et al., 2007) . In support of this notion, a recent meta-analysis of emotion processing neuroimaging studies revealed that amygdala response was attenuated in the context of increased attentional demands (Costafreda et al., 2008) . Thus, in the present study, the increased dACC and dlPFC activation observed in concert with a lack of amygdala response may indicate efforts to overcompensate for emotional disruption caused by threatening facial expressions and disturbing trauma memories that these images might evoke. Further, the patterns of activation revealed in this study likely reflect processes engaged in response to the active attentional component of this task, unlike studies that simply required passive viewing of expressions of facial emotion. (Foa, Huppert, & Cahill, 2006) .
Several study limitations are worth noting. First, the design of this study prohibited separate investigations of response to task targets and distractors; these two types of stimuli are likely to engage different components of attentional circuits. Although participants in this study represent an understudied population in the PTSD literature, the circumscribed demographic profile of this population may limit generalizability of these findings to other traumatized populations. In particular, this study included only female participants; given that only female face stimuli were used in this version of the dot probe, it was impossible to investigate potential interactive effects of gender and attentional biases. Similarly, a lack of White participants in this study precluded examination of stimulus-by participant-race interactions and their effects on attentional biases. Also, we did not investigate how trauma onset may interact with patterns of behavioral and neural response; given what is known about the deleterious cognitive and biological effects of early trauma exposure (Vermetten & Bremner, 2002) , it is possible that individuals who first experienced trauma in childhood versus adulthood would exhibit different patterns of behavioral and neural response. Notably, lifetime trauma exposure did not relate to differential neural response to threat in any ROI. Thus, it does not appear that our findings are more relevant to cumulative trauma exposure than post-traumatic psychopathology; however, the addition of a non-traumatized control group would best permit differentiation of trauma-versus PTSD-specific effects on attentional biases. Finally, although we corrected for multiple comparisons within a priori specified ROIs, our (uncorrected) statistical threshold for whole-brain analyses (p<.005) may have increased risk for Type I error; thus, these findings warrant replication in future studies of attention bias using more conservative statistical thresholds.
The rich findings that emerged from this study have important implications for current information processing models of post-traumatic psychopathology. The alterations in dlPFC, ACC and vlPFC function observed in the present study complement findings from earlier studies of generally anxious individuals and illustrate their relevance to PTSD. The present data indicate enhanced activation in regions responsible for threat appraisal, control of attentional resources, and management of distracting emotional information during selective attention processing in PTSD. Disproportional allocation of cognitive control resources to emotional or trauma-relevant information perpetuates PTSD symptomatology by preventing adequate processing of other relevant environmental information and contemplative appraisal of the various thoughts and feelings associated with the trauma(s). This rigid attentional style can, in turn, lead to poor mental efficiency and impairment in cognitive processes such as working memory, since fewer cognitive resources will be available at any given time.
The investigation of attentional biases and associated dysregulation in neural systems in PTSD is a worthwhile endeavor, given the surprising lack of research in this area. The data presented here provide some insights into these processes that may guide or inform further research aimed at characterizing attentional biases in PTSD. Particularly, the present findings underscore the need for research utilizing a combination of techniques to detect attentional biases in individuals with this disorder. Finally, there is an unfortunate lack of research on economically underprivileged individuals, who experience a disproportionately high amount of trauma throughout their lives (Gillespie, et al., 2009; Schwartz, et al., 2005) but are typically not the focus of PTSD neuroimaging research. The inclusion of these groups in studies of information processing biases in PTSD is invaluable for informing appropriate treatments for this often neglected population.
Highlights
Behavioral and neuroimaging methods were combined to examine attention bias in a traumatized sample PTSD+ individuals demonstrated increased activation to threat in a cognitive control brain region Threat cue avoidance corresponded with increased activation in an emotion processing region in PTSD Disproportional allocation of cognitive control resources to trauma cues may perpetuate PTSD Statistical parametric maps indicating significant negative correlations between threat bias score and activation in the a) ventrolateral prefrontal cortex (vlPFC; Talairach x = −28, y = 30, z = −12, t= 3.2) and b) anterior cingulate cortex (ACC; Talairach x = −8, y = 43, z = 2, t=2.9) to threatening versus happy and neutral face pair trials in PTSD+ participants. Activations are shown overlaid onto an averaged structural MRI. Figure presented at p < 0.005 (uncorrected) threshold. 
